
WHAT IS CLAIMED IS: 

1 . A ^in voltage controller for use with a sampled grating distributed Bragg 
reflector (SGDBR) mser, comprising: 

a controller fc^ providing separate inputs to the laser including a front mirror current 
controlling a front miA)r and a back mirror cxarrent controlling a back mirror to control the 
laser; and 

a voltage monitorV coupled to a gain section of the laser for monitoring a gain voltage 
of the gain section and prcwiding input of the gain voltage to the controller; 

wherein the controllbr controls the front mirror current and the back mirror current 
to minimize the voltage monkored from the gain section of the laser. 

2. The gain voltaA controller of claim 1, wherein the controller keeps the front 
mirror controlled by the front nacror current and the back mirror controlled by the back 
mirror current aligned with a caviW mode of the laser. 

3. The gain volage controller of claim 1, wherein the controller comprises a 
digital signal processor (^pAo control the front and back mirror currents to minimize the 
voltage monitored from the gam section of the laser. 

4. The gain voltaVe controller of claim 3, wherein the DSP dithers the front and 
back mirror currents. * 

5. The gain v\ltage controller of claim 3, wherein the DSP uses a numerical 
minima search to contr Jro^ front mirror current and the back mirror current and minimize 
the voltage monitored from ^e gain section of the laser. 



6. The gain voltage controller of claim 5, wherein the numerical minima search 
comprises using at least three dita points of at least one of the front and back mirror 
currents versus the gain voltage tb estimate a slope of a gain voltage ciirve with respect to 
the at least one of the front and bick mirror currents. 



\ 
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7. The gain voltage controller of claim 6, wherein numerical minima search 
further comprises a|>rocess of stepping toward the gain voltage minima and determinmg a 
next data point, ideilkifying a best two points of the at least three data points, and using the 
next data point and t^e best two points to re-estimate the slope of the gain voltage curve. 

8. The gai^^oltage controller of claim 7, wherein the numerical minima search 
further comprises continuously repeating the process such that the next data point and the 
best two points of a prior^process become the at least three data points of a subsequent 
process. 

9. The gain voltage controller of claim 3, wherein the DSP uses a least mean 
squares (LMS) estimator to control the front mirror current and the back mirror current and 
determine at least one gain voltage minimum. 



10. The gain voltage controller of claim 9, wherein the LMS estimator uses an 



array of data points to estimateV gain voltage surface. 



1 1 . The gain voltage controller of claim 9, wherein the LMS estimator models 
the gain voltage using a causal Volterra series expansion over the fcont and back mirror 
currents for a fixed phase section current and fixed gain section current of the laser. 

12. The gain voltage controller of claim 9, wherein the LMS estimator uses a 
memoryless 5-tap adaptive quadratic Wter model. 

\ 

13. The gain voltage controller of claim 9, wherein the LMS estimator is 

\ 

achieved using an adaptive filter update ajgonthm. 

\ 

14. The gain voltage controller, of claim 13, wherein the adaptive filter update 

\' 

algorithm is a gradient descent adaptation algorithm. 

\] 

15. The gain voltage controller of claim 13, wherein the gradient descent 
adaptation algorithm is a block LMS algorithii>. 

\ 

16. The gain voltage controller of claim 13, wherein the gradient descent 
adaptation algorithm is an LMS algorithm. v. 

\ 
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17. The gain voltage controller of claim 13, wherein the adaptive filter update 
* algorithm is a recursive least squares adaptation algorithm. 

I. 

1 8. The^ain voltage controller of claim 9, wherein the LMS estimator is 
achieved using an ac^^tive linear filter. 

19. The ga^ voltage controller of claim 9, wherein the LMS estimator is driven 
by white noise. 

20. The gain voltage controller of claim 9, wherein an initial tap-vector and 
inputs to the laser are stored in a laser calibration table. 

21. The gain voltage controller of claim 9, wherein a step size of the LMS 
estimator is reduced as the LM^ estimator determines the at least one gain voltage minimum. 

22. The gaiAvoltage controller of claim 1, wherein the voltage monitor 
comprises an analog circmt, to control the front mirror current and the back mirror current. 

23. The gain v^tage controller of claim 22, wherein the analog circuit comprises 
at least one phase locker ci^uit. 

24. The gain volt^e controller of claim 23, whereia phase locker circuits are 
each coupled to the fcM\niirror and the back mirror. 

25. The gain voltage^ontroUer of claim 23, wherein the at least one phase locker 
circuit uses a phase lock loop. 

26. The gain voltage coritroUer of claim 23, whereia the at least one phase locker 
circuit uses an RF dither locker. 

27. The gain voltage controuer of claim 23, wherein the at least one phase locker 
circuit is used in an open loop control syVtem for the laser. 
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28. T^l^gain voltage controller of claim 23, wherein the at least one phase locker 
circuit uses a high frequency narrowband stimulus to dither at least one mirror current and 
compares the narro\!^!^d stimvilus to the gain voltage to determine an error input for the 
controller and the controller uses the error input to control the laser to operate at a 
minimvmi gain voltage. 

29. The gain voltage controller of claim 28, wherein the at least one phase locker 

in 

circuit measures the gain volt^e with a narrowband amplifier. 

30. The gain voltag^ controller of claim 28, wherein the at least one phase locker 
circuit uses a phase comparator m determine the error input from the at least one dithered 
mirror current and the gain voltage. 

31 . The gain vol^Sfe ccmtroUer of claim 28, wherein the at least one phase locker 
circuit dithers the at least on^s^mcromcurrent by driving an error amplifier that modifies the 
at least one mirror current. 

32. The gain voltage controller of claim 28, wherein the error input is coupled to 
an analog to digital converter (ADC) of me controller and the controller uses the digitally 
converted error input to adjust values in an aging model corresponding to the separate 
inputs to the laser. 

33. The gain voltage controller M claim 28, wherein the at least one phase locker 
circuit uses a high frequency narrowband stimulus to dither at least one mirror current. 

34. The gain voltage controller of alaim 28, wherein phase locker circuit outputs 
are separately added to the front mirror currenmnd the back mirror current. 

35. The gain volfiage controller of claim 1, wherein the gain voltage controller is 
operated simultaneously with power and wavelength control of the laser. 

\\ 
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36. .A t^ethod of controlling a sampled grating distributed Bragg reflector 
(SGDBR) laser, comprising the steps of: 

providing separate inputs to the laser including a front mirror current controlling a 
front mirror and a back mirror cxirrent controlling a back mirror to control the laser; and 

monitoring a gajn voltage of the gain section and providing input of the gain voltage 
to the controller; ^ 

controlling the front mirror current and the back mirror current to minimize the 
voltage monitored from th^ain section of the laser. 

37. The method W claim 36, wherein the front mirror is controlled by the front 
mirror current and the back nfirror is controlled by the back mirror current aligned with a 
cavity mode of the laser. 

38. The n^^odlof claim 36, wherein a digital signal processor (DSP) controls 
the front and back mirror cu|rents to rninirni2e the voltage monitored from the gain section 
of the laser. 



cii^e 



39. The method ^f claim 38, wherein the DSP dithers the front and back mirror 
currents. 1 

40. The method ©f claim 38, wherein the DSP uses a numerical minima search to 
control the front mirror ^^j^t and the back mirror current and minimize the voltage 
monitored from the gain sectic^ of the laser. 

41 . The method of claim ^0, wherein the numerical minima search comprises 
using at least three data points of at least one of the front and back mirror currents versus 
the gain voltage to estimate a slope of a\gain voltage curve with respect to the at least one of 
the front and back mirror currents. v 

42. The method of claim 41, wherein numerical minima search further comprises 

a process of stepping toward the gain voltage minima and determining a next data point, 

\^ 

identifying a best two points of the at least three data points, and using the next data point 
and the best two points to re-estimate the slope of the gain voltage curve. 




43. The memod of claim 42, wherein the numerical minima search further 
comprises continuously Eepeating the process such that the next data point and the best two 
points of a prior process obcome the at least three data points of a subsequent process. 

44. The methodlof claim 38, wherein the DSP uses a least mean squares (LMS) 
estimator to control the front mirror current and the back mirror current and determine at 
least one gain voltage minimi^. 

45. The method of claim 44, wherein the LMS estimator uses an array of data 
points to estimate a gain voltage\surface. 

46. The method of claim 44, wherein the LMS estimator models the gain voltage 
using a causal Volterra series expansion over the front and back mirror currents for a fixed 
phase section current and fixed gain section current of the laser. 



47. The method of claim ^14, wherein the LMS estimator uses a memoryless 5- 
tap adaptive quadratic filter model. 

48. The method of claim 44\ wherein the LMS estimator is achieved using an 
adaptive filter update algorithm. 

49. The method of claim 48, wherein the adaptive filter update algorithm is a 
gradient descent adaptation algorithm. 

50. The method of claim 48, wherein the gradient descent adaptation algorithm 
is a block LMS algorithm. 

51 . The method of claim 48, wherein the gradient descent adaptation algorithm 
is an LMS algorithm. 

52. The method of claim 48, wherein fthe adaptive filter update algorithm is a 

I 

recursive least squares adaptation algorithm. | 

\ 

53. The method of claim 44, wherein the LMS estimator is achieved using an 
adaptive linear filter. \^ 
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54. The method of claim 44, wherein the LMS estimator is driven by white noise. 



W 

55. The method of claim 44, wherein an initial tap-vector and inputs to the laser 
are stored in a laser calibration table. 

\ 

56. The methodipf claim 44, wherein a step size of the LMS estimator is reduced 
as the LMS estimator determmes the at least one gain voltage rninimiim. 

57. The mlthod of claim 36, wherein the voltage monitor comprises an analog 
circuit, to control the f^nt mirror current and the back mirror current. 

58. The method of claim 57, wherein the analog circuit comprises at least one 
phase locker circuit. 

59. The metho^of claim 58, wherein phase locker circuits are each coupled to 
the front mirror and the ba<^ mirror. 

60. The method of claim 58, wherein the at least one phase locker circuit uses a 
phase lock loop. 

6L The met^c^of cl^aim 58, wherein the at least one phase locker circuit uses an 
RF dither locker. 

62. The method of claim 58, wherein the at least one phase locker circuit is used 

63. The method of claim 5,8, wherein the at least one phase locker circuit uses a 
high frequency narrowband stimulus toJdither at least one mirror current and compares the 
narrowband stimulus to the gain voltagato determine an error input for the controller and 
the controller uses the error input to control the laser to operate at a minimum gain voltage. 

64. The method of claim 63, wherein the at least one phase locker circuit 
measures the gain voltage with a narrowbanS amplifier. 
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65. The c^ethod of claim 63, wherein the at least one phase locker circuit uses a 
phase comparator to determine the error input from the at least one dithered mirror current 
and the gain voltage. 

66. The method of claim 63, wherein the at least one phase locker circxiit dithers 
the at least one mirror currmt by driving an error amplifier that modifies the at least one 
mirror current. 

67. The metnoS oflclaim 63, wherein the error input is coupled to an analog to 
digital converter (ADC) ifjmrGontroller and the controller uses the digitally converted error 
input to adjust values in an aginglmodel corresponding to the separate inputs to the laser. 

68. The method of claim 63, wherein the at least one phase locker circuit uses a 
high frequency narrowband stimuliis to dither at least one mirror current. 

69. The method of claim\63, wherein phase locker circuit outputs are separately 
added to the front mirror current andWie back mirror current. 

70. The metho claim 36, wherein the gain voltage controller is operated 
simultaneously with power and wavelength control of the laser. 

71. An article of i^^ufacture embodying logic to implement a method of 
controlling a sampled grating distributed Bragg reflector (SGDBR) laser, comprising the 
steps of: 

providing separate inputs t® the laser including a front mirror ciirrent controlling a 
front mirror and a back mirror currmit controlling a back mirror to control the laser; and 

monitoring a gain voltage of ^e gain section and providing input of the gain voltage 
to the controller; 

controlling the front mirror current and the back mirror current to minimize the 
voltage monitored from the gain sectioiupf the laser. 

72. The article of claim 71, whferein the front mirror is controlled by the front 
mirror current and the back mirror is contrQlled by the back mirror current aligned with a 
cavity mode of the laser. 
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73. The aractei,pf claim 71, wherein a digital signal processor (DSP) controls the 



'I . . . 

front and back mirror curr^ts to minimize the voltage monitored from the gain section of 
the laser 



currents 



74. The article of claim 73, wherein the DSP dithers the front and back mirror 



75. The a^cle of claim 73, wherein the DSP uses a numerical minima search to 



control the front nHrkir current and the back mirror current and niinimize the voltage 
monitored from the gairj section of the laser. 

76. The article ooclaim 75, wherein the numerical minima search comprises 
using at least three data pointsrof at least one of the front and back mirror currents versus 
the gain voltage to estimate a slope of a gain voltage curve with respect to the at least one of 
the front and back mirror currents. 

77. The article of claim 76, wherein numerical minima search further comprises a 
process of stepping toward the gai^voltage minima and determining a next data point, 
identifying a best two points of the at least three data points, and using the next data point 
and the best two points to re-estimate the slope of the gain voltage curve. 

78. The article of claim 77^herein the numerical rninima search further 
comprises continuously repeating the process such that the next data point and the best two 
points of a prior process become the at least three data points of a subsequent process. 



79. The article of claim 73, wn^rein the DSP uses a least mean squares (LMS) 
estimator to control the front mirror current and the back mirror current and determine at 
least one gain voltage minimum. 

80. The article of claim 79, whereirj the LMS estimator uses an array of data 
points to estimate a gain voltage surface. 

81. The article of claim 79, wherein tl^e LMS estimator models the gain voltage 
using a causal Volterra series expansion over the front and back mitror currents for a fixed 
phase section current and fixed gain section current^pf the laser. 
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82. The article of claim 79, wherein the LMS estimator uses a memoryless 5-tap 

i 

adaptive quadratic filter model. 

83. The article W claim 79, wherein the LMS estimator is achieved using an 
adaptive filter update algorithm. 



84. The article of claim 83, wherein the adaptive filter update algorithm is a 
gradient descent adaptation algorithm. 

85. The article of claim 83, wherein the gradient descent adaptation algorithm is 
a block LMS algorithm. | 



86. The article of claim 83, wherein the gradient descent adaptation algorithm is 
an LMS algorithm. 

87. The article of clairh 83, wherein the adaptive filter update algorithm is a 
recursive least squares adaptation algorithm. 

88. The article of claim|83, wherein the LMS estimator is achieved using an 
adaptive hnear filter. 

89. The article of claim 8j3, wherein the LMS estimator is driven by white noise. 



90. The article of claim 83^ wherein an initial tap-vector and inputs to the laser 
are stored in a laser calibration table. 

91. The article of claim 83, wherein a step size of the LMS estimator is reduced 
as the LMS estimator determines the at least one gain voltage minimum. 



92. The article oT claim 71, wherein the voltage monitor comprises an analog 
circuit, to control the front n^ror current and the back mirror current. 

phase locker circuit. 

94. The article of claim 93, wherein phase locker circuits are each coupled to the 
front mirror and the back mirror. 
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95. The articje. of claim 93, wherein the at least one phase locker circuit uses a 
phase lock loop. \\ 

96. The article pf claim 93, wherein the at least one phase locker circuit uses an 
RF dither locker. 

97. The article of^^laim 93, wherein the at least one phase locker circuit is used in 
an open loop control system for the laser. 

I 

98. The article of claim 93, wherein the at least one phase locker circuit uses a 
high frequency narrowband stiniilus to dither at least one mirror current and compares the 
narrowband stimulus to the gainWltage to determine an error input for the controller and 
the controller uses the error inpulto control the laser to operate at a mioimum gain voltage. 

I 

99. The article of claimWS, wherein the at least one phase locker circuit measures 
the gain voltage with a narrowbandlamplifier. 

100. The article of claim 98, wherein the at least one phase locker circuit uses a 
phase comparator to detemtoie the error input from the at least one dithered mirror current 
and the gain voltage. \^^. 

101. The article of claim 98} wherein the at least one phase locker circuit dithers 

. .1 

the at least one mirror current by driving an error amplifier that modifies the at least one 
mirror current. 

102. The article of claim 98, wherein the error input is coupled to an analog to 
digital converter (ADC) of the controller^ and the controller uses the digitally converted error 
input to adjust values in an aging model corresponding to the separate inputs to the laser. 

103. The article of claim 98, wherein the at least one phase locker circuit uses a 
high frequency narrowband stimulus to dilier at least one mirror current. 



104. The article of claim 98, wherein phase locker circuit outputs are separately 
added to the front mirror current and the bick mirror current. 
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105. The article of claim 71, wherein the gain voltage controller is operated 
simultaneously with power and wavelength control of the laser. 
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